. Steady-state measurement of NO and CO lung diffusing capacity on moderate exercise in men. J Appl Physiol 90: [538][539][540][541][542][543][544] 2001.-Using a rapidly responding nitric oxide (NO) analyzer, we measured the steady-state NO diffusing capacity (DLNO) from end-tidal NO. The diffusing capacity of the alveolar capillary membrane and pulmonary capillary blood volume were calculated from the steady-state diffusing capacity for CO (measured simultaneously) and the specific transfer conductance of blood per milliliter for NO and for CO. Nine men were studied bicycling at an average O2 consumption of 1.3 Ϯ 0.2 l/min (mean Ϯ SD). DLNO was 202.7 Ϯ 71.2 ml ⅐ min Ϫ1 ⅐ Torr Ϫ1 and steady-state diffusing capacity for CO, calculated from end-tidal (assumed alveolar) CO2, mixed expired CO2, and mixed expired CO, was 46.9 Ϯ 12.8 ml ⅐ min Ϫ1 ⅐ Torr Ϫ1 . NO dead space ϭ (VT ϫ FENO Ϫ VT ϫ FANO)/(FINO Ϫ FANO) ϭ 209 Ϯ 88 ml, where VT is tidal volume and FENO, FINO, and FANO are mixed exhaled, inhaled, and alveolar NO concentrations, respectively. We used the Bohr equation to estimate CO2 dead space from mixed exhaled and end-tidal (assumed alveolar) CO2 ϭ 430 Ϯ 136 ml. Predicted anatomic dead space ϭ 199 Ϯ 22 ml. Membrane diffusing capacity was 333 and 166 ml ⅐ min Ϫ1 ⅐ Torr
Pulmonary Nitric Oxide Uptake Reflects the Entire Diffusive Properties of the Alveolar Capillary Membrane
To the Editor: In their excellent study, Borland et al. (1) showed that the steady-state method is suitable for measuring the diffusing capacity of the alveolar capillary membrane (Dm) for nitric oxide (NO) and carbon monoxide (CO) during moderate exercise as well as for determining pulmonary capillary blood volume (Vc). Furthermore, they reported that repeated NO inhalations over Ͼ1 min did not modify pulmonary NO diffusing capacity (DL NO ).
Like other groups, Borland et al.
(1) applied the Roughton and Forster (3) model [1/DL ϭ 1/Dm ϩ 1/(Vc)] to pulmonary NO uptake where denotes the specific gas transfer conductance of blood. It is commonly assumed that, because of the extremely rapid rate of reaction of NO with hemoglobin, NO approaches infinity and DL NO approximates Dm NO . Nonetheless, the authors queried this argument because of the absence of any in vivo data of the specific NO transfer conductance of blood.
In an animal study (2), we calculated the contribution of diffusion to the overall resistance to alveolar capillary NO transfer (DL NO /Dm NO ) by determining the rates of disappearance from alveolar space of NO and singly and doubly 18 O-labeled carbon dioxide. For this purpose, we applied the single-breath method to seven artificially ventilated rabbits. On the basis of the unique features of both isotopic species and a classic model of test gas uptake, we obtained DL NO /Dm NO ϭ 0.98 Ϯ 0.06 (mean Ϯ SD), a value no different from unity.
Thus our in vivo data strongly confirm the hypothesis that pulmonary NO uptake mainly reflects the diffusive properties of the alveolar capillary membrane. This finding indeed allows us to set 1/( NO Vc) 3 0 or to assume the term ( NO Vc) approaching infinity. O-labeled carbon dioxide into the red blood cell, the uptake of these gases should reflect diffusion alone. They showed that the ratio of rate constants () was exactly as predicted by application of Graham's law of diffusion to the three gases (i.e., rate of diffusion is proportional to water solubility divided by square root of molecular weight) and that diffusion contributes 98% of the resistance to overall alveolar NO uptake.
This confirms in vivo that, as predicted from the extremely rapid in vitro rate of reaction of NO with hemoglobin, DL NO is an index of diffusion alone and unlike DL CO does not reflect the chemical reaction of the gas with hemoglobin.
To determine the membrane component of diffusion resistance, it is necessary to solve the Roughton and Forster equation for Dm: 1/DL ϭ 1/Dm ϩ 1/Vc. In that equation, 1/DL is the overall resistance to alveolar gas uptake of the whole lung, 1/Dm is the diffusive resistance of the alveolar capillary membrane, and 1/Vc is the resistance of the pulmonary capillary blood. 1/Vc is believed to contain terms for diffusion and reaction in the case of CO. Forster (2) quotes a value for 1/CO of 1.30 ϩ 0.0041 (PO 2 ) derived from continuous-flow rapid-reaction apparatus and spectroscopy and measured at pH 4 and 37°C. The right-hand value (0.0041) represents the reaction resistance of the blood to CO uptake, whereas the left-hand value (1.30) is the diffusion resistance of the blood to CO uptake. The three groups who have studied DL NO Although this shows that there is still uncertainty among various workers about the exact values for CO and NO in vivo, we decided to present our data both assuming the lower value (4.479 ml ⅐ ml Ϫ1 ⅐ mmHg Ϫ1 ⅐ min Ϫ1 ) and also assuming that NO is infinity. The former approach will give higher values for Dm and lower for Vc, whereas the latter gives lower values for Dm and higher for Vc.
We would therefore recommend that studies using combined DL NO and DL CO should quote the absolute values for hemoglobin and alveolar oxygen concentration so that future readers can recalculate Dm and Vc once there is final consensus on .
